Non grain oriented isotropic electrical steels, commercially called NGOES, were investigated in cryogenic temperature conditions. At cryogenic temperatures plastic deformations form strong structural heterogeneities in the sample thickness. Samples processed by cryo rolling show a bigger storage energy. To achieve abnormal grain growth through the process of static recrystallization, the annealing conditions were applied to the deformed samples. Moreover, minimal magnetic losses were reached when mean grain size diameter was approximately 150 µm.
Introduction
It is well know that silicon non grain oriented isotropic electrical steel (NGOES) sheets are produced with the nal thickness of 0.35 0.65 mm and their production consists of hot rolling (approximately 1.2 mm thick), followed by cold rolling (up to nal thickness) and annealing. Cold strip rolling produces the deformed and ne grains (FG) structure. Moreover, minimal magnetic losses are reached when a mean grain size diameter is approximately 150 µm and more. Therefore cold rolling, followed by annealing process, are very important to control the static recrystallization (SR) and abnormal grain size, which allows the formation of nal coarse-grained (CG) structures with positive eects on the mechanical properties, thermal conductivity, saturation polarization and magnetic permeability. The formation of CG structures is one of ways for achieving the low magnetic losses in NGOES and its higher eciency for application in e.g. electrical automobile engines and hybrid motors. The effective structure control can be realized by modication of chemical composition, namely by particles and phase transformation controlling, mechanical processing in hot or cold conditions and softening of deformed structures [1, 2] . Nowadays, a special method of the cold rolling process, by which structures are being formed, is the rolling at cryogenic temperatures. Since only few researchers are involved in plastic deformation of steels at cryogenic temperatures [3, 4] , this article is focused on the structure formation of steel through mechanical processing at a cryogenic temperature, followed by annealing processes.
Experimental procedures
The experimental work was carried out on FeSi steel base with chemical composition: C-0.003%, Mn-0.234%, Al-0.41%, Si-3.46 %, P-0.009%, S-0.001%, Cu-0.018%, Fe-95.8%. Sample sizes before the rolling were: h×b×l = * corresponding author; e-mail: tibor.kvackaj@tuke.sk 0.65 × 30 × 200 mm 3 . The samples were laboratory rolled in Duo 210 mill at cryogenic temperature. Cryogenic temperature was achieved by cooling of the samples in liquid nitrogen. The deformation of sample thickness through the cold rolling was ε cold = 20% in a single pass. The samples were annealed in following conditions: T annealing ∈ (800, 1100)
• C, t annealing = 20 min with v ave,reheat = 0.2
• C/s without special annealing atmosphere.
Results and discussion
The structure formation through rolling at cryogenic temperatures is given in Fig. 1a . The observed structure shows formation of potential sites of nuclei for SR. Nucleation sites are predominantly formed on high-angle grain boundaries (HAGBs) and consequently on the twins and deformation bands. The ability to form a larger nucleation surface through processing of samples at cryogenic temperature is given by partial suppressing of dynamic recovery in the surface layer but with strong suppressing of dynamic recovery in the central part of thickness, which create more elongated grains with deformation twining and deformation bands. It can be assumed that inhomogeneity in dynamic recovery depends on the temperature gradient in the sample thickness (surface lay- ers have higher temperature than the central part). The suppression of dynamic recovery leads to increase of the density of accumulated dislocations, and to the growth of driving force for formation of the large number of nucleation sites for SR. These preconditions were conrmed also by authors [5, 6] , however for sub-microcrystalline or ultrane grain structures.
The structures which are being formed in cryogenic conditions, after annealing at temperature of 800
• C/20 min, are characterized by reducing of twins and deformation bands as is shown in Fig. 1b . Only some grains contained the twins. The structures of surface layers could be classied as a static recrystallized. The suppression of dynamic recovery in cryogenic conditions leads to formation of the large number of nucleation sites for SR. The central part of the sample could be classied as a place where partial SR is observed. According to the micrograph observation, a portion of the static recrystallized structures increases from surface layers to central parts i.e. from nest to coarser structures. When annealing temperature was increased to 950
• C/20 min, there can be recognized the full SR structure as is shown in Fig. 2a . If annealing temperature was increased to 1000
• C/20 min, there can be recognized a mixed structure, characterized by 60% full SR region and 40% region with abnormal grain growth (Fig. 2b) .
When annealing temperature was increased to 1050
• C/20 min, there can be recognized an increase in a portion of the abnormal grain growth, as is shown in Fig. 3a . The full abnormal grain growth was obtained in the following annealing conditions: 1100
• C/20 min (Fig. 3b) . The formation of coarse grain structures is one way to achieve low magnetic losses in NGOES and their higher eciency for application in e.g. electrical automobile engines and hybrid motors. 4 . Conclusions 1. The suppression of the dynamic recovery in cryogenic conditions leads to formation of a large number of the nucleation sites on grain boundaries as well as inside the grains.
2. During the annealing process, stress-strain and temperature gradient in the sample thickness, resulting from the cryorolling, should act as the driving force for initiation of the SR of the material.
3. A visible inuence on the grain growth was observed after rolling at cryogenic temperature and the followed annealing at 1100
• C/20 min. These processing conditions can provide low magnetic losses in FeSi steel samples.
